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PREFACE

The revised Biologicd Monitoring and Abatement Program (BMAP) for East
Fork Poplar Creek (EFPC) at the Oak Ridge Y-12 Plant, as described, will be conducted
as required by the Nationa Pollutant Discharge Elimination System permit issued for the
Y-12 Plant on April 28, 1995 and became effective July 1, 1995. The basic approach to
biologica monitoring used in this program was devel oped by the staff in the Environmental
Science Division (ESD) at the Oak Ridge National Laboratory (ORNL) at the request of
the Y-12 Plant. The revision to the BMAP plan is based on results of biological
monitoring conducted during the period of 1985 to present. Details of the specific
procedures used in the current routine monitoring program are provided; experimental
designs for future studies are described in less detail. The overal strategy used in
developing this plan was, and continues to be, to use the results obtained from each task to
define the scope of future monitoring efforts. Such efforts may require more intensive
sampling than initialy proposed in some areas (e.g., additiona bioaccumulation monitoring
if results indicate unexpectedly high PCBs or Hg) or areduction in sampling intensity in
others (e.g., reduction in the number of sampling sites when no impact is still observed).
The program scope will be re-evaluated annually. By using the results of previous
monitoring efforts to define the current program and to guide us in the development of
future studies, an effective integrated monitoring program has been devel oped to assess
the impacts of Y-12 Plant operations (past and present) on the biota of EFPC and to
document the ecological effects of remedial actions.
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1. INTRODUCTION

In May 1985, aNational Pollutant Discharge Elimination System (NPDES) permit
was issued for the Oak Ridge Y-12 Plant, located in Oak Ridge, Tennessee. Asa
condition of the permit, a Biologica Monitoring and Abatement Program (BMAP) was
developed to demonstrate that the effluent limitations established for the Y-12 Plant
protect the classified uses of the receiving stream [East Fork Poplar Creek (EFPC)], in
particular, the growth and propagation of fish and aguatic life (Loar et a. 1989). A second
objective of the BMAP was to document the ecological effects resulting from the
implementation of awater pollution control program designed to eliminate direct discharges
of wastewaters to EFPC and to minimize the inadvertent release of pollutants to the
environment. Because of the complex nature of the discharges to EFPC and the temporal
and spatid variability in the composition of the discharges, a comprehensive, integrated
gpproach to biologica monitoring was developed. The objectives of the BMAP remain
important today because of ongoing and changing programs and activities at the Y-12
Plant.

The mid-1980's began a period of numerous improvements to the upper reach of
EFPC. Wastewater treatment facilities were constructed to treat specific waste streams,
and all remaining untreated discharges to EFPC were either eliminated or collected for
treatment. A Best Management Practices (BMP) program was initiated that included a
site-specific BMP for the Y-12 Plant. A Spill Prevention Control and Countermeasures
Plan was aso implemented, and water quality monitoring was expanded. To help raise the
awareness of the need for environmental compliance, an Environmental Officers
organization was initiated with representatives from each plant division. Improvements that
continued through the 1990's included a reduction in the amount of chlorinated water
entering EFPC, sink and drain surveysthat led to reductions of drainsin use and
restrictions on others, addition of dechlorination units on EFPC and related outfalls,
enactment of an improved storm water management and sampling plan, and
implementation of a Ste-wide Pollution Prevention program.

The BMAP consists of four major tasks that reflect different but complementary
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approaches to eval uating the effects of the Y-12 Plant discharges on the bictic integrity of
EFPC. Thesetasksinclude (1) toxicity testing, (2) bioaccumulation studies, (3) biological
indicator studies, and (4) ecological surveys of the benthic macroinvertebrate and fish
communities. The results of the previous BMAPs are summarized in Loar et al. (19924)
and Hinzman et a. (1993, 1998).

In the originad BMAP, six primary study sites were selected on EFPC. Criteria used
in the selection of these sites included (1) location of sampling sites utilized in other studies,
(2) known or suspected sources of downstream pollution, (3) proximity to U.S.

Department of Energy Oak Ridge Reservation (DOE ORR) boundaries, (4) concentration
of mercury in adjacent floodplain, (5) appropriate habitat distribution, and (6) access. The
sampling sites included EFPC at kilometer (EFK) 24.4 and EFK 23.4 [above and below
Lake Redlity (LR), respectively]; EFK 18.2, located off the ORR and below an area of
intensive commercid and limited light industria development and just above the area of
greatest mercury contamination (Table 11 in TVA 1986); EFK 13.8, located approximately
400 m above the outfall of the Oak Ridge Wastewater Treatment Facility (ORWTF);

EFK 10.0, located approximately 900 m below Gum Hollow Road bridge and 3.4 km
below the ORWTF; and EFK 6.3, located approximately 1.4 km below the ORR boundary
and 1.0 km above the U.S. Geological Survey (USGS) gaging station (Fig. 1.1). These
sites were routinely sampled for fish and benthic invertebrates as part of the instream
monitoring task (Sect. 5). For other tasks, sites may have been excluded and/or others
added, depending upon the specific objectives of the various tasks; one origind site, EFK
10.0, has not been routinely sampled by any task for severa years.

Brushy Fork (BF) at kilometer (BFK) 7.6 has been used as areference stream in all
four tasks of the BMAP. Additiona sites off the ORR were also used for reference,
including Beaver Creek, Bull Run, Hinds Creek, Paint Rock Creek, and the Emory River
in Watts Bar Reservoir (Fig. 1.2).

A new NPDES permit was issued by the Tennessee Department of Environment and
Conservation (TDEC) to the Y-12 Plant April 26, 1995 and became effective July 1, 1995.
BMAP Plan Y/TS-1613/R1 was submitted to TDEC in March 1998. This plan was
subsequently revised and Y/TS-1613/R2 was approved by TDEC in October, 1998. The

current revision of the BMAP plan meets the requirements of the permit. Plan revisions
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(2) the need to evaluate the effects of continuing changes in the composition of discharges
resulting from scheduled abatement and remedia actions at the Y-12 Plant.

To understand the nature and complexity of the existing environment, a brief
description of the EFPC watershed is given below. Detailed descriptions of each task are
presented in Sects. 2-6.

1.1 DESCRIPTION OF THE STUDY AREA

The EFPC drainage basin is located near the northern boundary of the ORR and has
an area of 77.2 km? from the headwaters to the mouth at Poplar Creek kilometer (PCK)
8.7'. Paralld northeast-tending ridges congtitute the northern (Black Oak Ridge) and
southern (Chestnut Ridge) boundaries of the watershed. Elevations in the basin range
from 226 to 390 m. The largest tributary to EFPC is Bear Creek, which has a drainage
areaof 19.1 km? and joins EFPC at kilometer (EFK) 2.4. The Y-12 Plant is located near
the watershed divide of Bear Creek and EFPC, which flow to the west and east,
respectively, of the Plant (Fig. 1.1).

The study areaislocated in the Valley and Ridge physiographic province of the
Southern Appalachians. The ridges are composed primarily of sandstones and dolostones
and the valleys are underlain by shales, limy shaes, and limestones (Geraghty and Miller,
Inc. 1985). The principa groundwater-bearing formation in the Oak Ridge areaiis the
Knox Dolomite which comprises 25 percent of the surface area of the EFPC drainage
basin; another 32 percent of the area consists of Chickamauga Limestone.

The primary reference area used in the BMAP is the BF watershed located just
north of Oak Ridge and adjacent to the EFPC watershed (Fig. 1.2). The two drainages,
which are separated by Black Oak Ridge, have a smilar geologic composition. The Knox
Dolomite that underlies Black Oak Ridge is the source of three large springs that are
tributaries to BF above the study site (BFK 7.6). The amost identical unit-area, low-flow
discharges (~0.95 L3ssectesknr?) EFPC at EFK 5.3 and BF at BFK 10.1 provide additional

*Poplar Creek Kilometer (PCK) 0.0 and East Fork Poplar Creek Kilometer (EFK 0.0) arelocated at the confluence of Poplar Creek withthe
Clinch River and at the confluence of East Fork Poplar Creek with Poplar Creek, respectively. All discharges are based on the list of key
features described in Table!-1in TVA 1986.
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evidence of the amilarity in their geologic composition.

The headwaters of EFPC consist of springs on the northwest slope of Chestnut
Ridge. The stream originates at the North/South Pipes (NSP) into a rip-rap channel
approximately 2.4 m wide and 2.6 m high (Kasten 1986). In the past, the stream received
discharges from more than 200 outfalls (M. C. Wiest, Y-12 Plant Department of
Environmental Management, personal communication). These discharges included once-
through cooling water, storm water, condensate, groundwater, cooling tower blowdown,
and treated process wastewater (CDM Federal 1994).

Prior to November 7, 1988, EFPC flowed into New Hope Pond (NHP), a2.2-ha
impoundment constructed in 1963 to equdize the pH of the effluent from the Y-12 Plant
(Pritz and Sanders 1982). The pond was aso used for neutralization, sediment retention,
and spill control (including provision for oil recovery by means of skimmers). Construction
of abypass (diversion) channel around NHP permitted retention of spills within the pond.
On November 7, 1988, flow to the pond was terminated and directed to Lake Redity
(LR), anew 1-haimpoundment that is dightly deeper than NHP, and has a synthetic liner
(Fig. 1.3). In addition, the outlet from LR was lower in elevation than that of NHP,
alowing the passage of fish into upper EFPC. Prior to this time, fish could not migrate
upstream of NHP due to awelir at the entrance to NHP. Since July 9, 1998, stream flow
has been diverted around LR (except for some portion of peak flow events which will flow
through LR) and into EFPC over a diversion channd waterfal which re-established a
barrier to fish migration. From the outlet of the diversion channel, EFPC flows a distance
of 23.4 km to the confluence with Poplar Creek, atributary of the Clinch River. The
average gradient between the upstream limits of the reservoir backwater area and EFPC
a LR isapproximately 1.7 m/km (TVA 1985).

Effluent discharges from the Y-12 Plant above LR and from the ORWTF at EFK
13.4 augment streamflow of EFPC. Since July 1996, approximately 4.5 million gallons of
raw water per day are pumped from the Clinch River and added to EFPC at a point
approximately 50 feet below Outfall 2000 (North/South Pipes). This dlows EFPC flow to
be managed at 7 million gallons per day (monthly daily average) at Station 17, as required
by the NPDES Permit.

A resultant characteristic of streamflow in EFPC is lower tempora variability due to
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the near-constant average daily flow at Station 17. Although the increased minimum flow
may benefit aguatic biota by reducing the risk of streambed dewatering, increased flow
stability also lowers environmental heterogeneity (i.e., habitat diversity), which can
adversely affect species richness and/or density.

1.2 LAND USE

Land use in the EFPC watershed reflects the public and private ownership of
property in the basin. The creek flows less than 1 km below LR before leaving the ORR
at EFK 22.7. For the next 15 km, EFPC flows through the city of Oak Ridge, which had a
population of 27,310 in 1990 (Southeast Directory Co., Inc. 1995), before crossing the
ORR boundary again at EFK 7.7 for the remainder of its course. The lower portion of the
watershed within the ORR is undeveloped, consisting mostly of pine plantations and mixed
hardwood stands. Many pine plantations on the ORR have been destroyed as a result of
pine beetle infestations.

Land usein Oak Ridge consists mostly of commercial and residential developments,
some light industry and agriculture, and forested areas. Most of the industrial development
is limited to the northeastern part of the basin. Drainage from this area enters EFPC
between EFK 22.5 and EFK 21.5. Commercia development occupies much of the
floodplain and adjacent areas of the creek from EFK 22.5 to EFK 18.0. Farther
downstream to the ORR boundary, residential and some agricultural devel opment
(primarily livestock grazing) occur. Construction of single and multifamily homes between
EFPC and Route 95 (Oak Ridge Turnpike), which paralels EFPC west of Oak Ridge,

continues to increase.

1.3 WATER QUALITY

Water and sediments in EFPC downstream from the Y -12 Plant contain metals,
organic chemicals, and radionuclides discharged over many years of operation. Most of
the information about these contaminants was obtained in studies conducted by TVA for
the Oak Ridge Task Force (ORTF), a multiagency group established in November 1983 to
evaluate potentia off-site contamination problems associated with the DOE facilities near
Oak Ridge. Prior to 1983, the only surveys of ambient water qudity in EFPC below NHP

Introduction 1-8
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(currently LR) were those conducted in 19611964 (McMasters 1967) and 1974-1975
(ERDA 1975).

The ORTF survey involved extensive sampling both on and off the ORR. Water
samples were taken at EFK 23.1 during the baseflow survey and analyzed for
conventional parameters, priority pollutants (organics and metals) and radionuclides; only
lithium and mercury exceeded background levels (Table 3in TVA 1986). Sediment
samples were collected from EFPC and the floodplain near EFK 21.7 and EFK 2.7 and
from the western and eastern ends of NHP; samples were analyzed for 114 organics, 14
metals, and 12 radionuclides (Table | in Hoffman et a. 1984). Of these, 10 priority
pollutants [ 7 polycyclic aromatic hydrocarbons or PAHS, bis (2-ethyl hexyl) phthalate, total
polychlorinated biphenyls (PCBs) and totd phenols] and 7 metals (arsenic, cadmium, lead,
mercury, nickel, silver, and zirconium) were found in EFPC at concentrations above
background levels and/or above the analytica detection limit (Table 4in TVA 1986).
Additiona and more extensive sampling of sediments in EFPC was conducted to estimate
the quantity of mercury-contaminated sediment and floodplain deposits and to assess the
transport and/or stability of mercury-contaminated sediment in the EFPC watershed (TVA
1985).

Water quality characterizations for BMAP have been based on analyses of NPDES
data collected at the outfalls of NHP (before November 1988) and LR [Stations 303 (now
eliminated) and 17, respectively]. Additiona information was provided from supplemental
analyses conducted in various subtasks of the BMAP, including (1) routine measurements
of severa conventional parameters as part of the toxicity testing protocol (Sect. 2.1) and
(2) nonroutine water and sediment sampling as part of the bicaccumulation and periphyton
tasks, respectively (Sects. 3 and 5). Elevated levels of copper, lithium, mercury, ammonia,
nitrogen, residud chlorine, and perchloroethylene were identified and discussed in previous
reviews (Loar et a. 199248). Water in EFPC is enriched in nutrients (nitrogen and
phosphorus) that stimulate biologica activity. Mercury levels were of particular concern in
that the mean and maximum val ues exceeded the Environmental Protection Agency
(EPA) chronic value of 1.2 Fg/L (EPA 1986) over the 1988-91 study period (Hinzman et

a. 1998). Concentrations of total residua chlorine were of concern prior to 1992, when a
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dechlorination project was implemented in upper EFPC.

Lower EFPC and its floodplain were the subjects of aremedid investigation (RI) and
feasibility study (FS) that culminated in arecord of decision (ROD). Under the ROD that
was signed August 18, 1995, areas of the EFPC floodplain containing soil contaminated
with >400 mg mercury/kg were excavated, and the soil replaced with clean soil
(SAIC 1995). The decision was based on administrative record for Lower EFPC,
including the RI report (DOE 1994a), the basaline risk assessment, the FS report (DOE
1994b), the addendum to the Rl (DOE 1994c) that includes the sediment toxicity specia
study, the proposed plan (DOE 1995a,b), and other documents contained in the
administrative record file for the site (DOE 1995c).

Results from the first phase of the soil, sediment, groundwater, and surface sampling
in the RI showed detectable levels of 13 heavy metdls, 9 PAHSs, 2 PCBs, and 11
radionuclides (DOE 1994a, 1995c). For heavy metals, mercury was by far the most
significant contributor of human health risk with over 85 percent of the tota toxicity. For
radionuclides, total uranium accounted for 98 percent of the total activity. The organic
compound groups of PAHs and PCBs did not substantially contribute to the estimated
risks to human health. Risk associated with exposure to radionuclides fell within the EPA
acceptable target range in all cases. The results of the baseline human health assessment
confirmed mercury as the predominant contaminant of concern in Lower EFPC (DOE
1995c).

The RI (DOE 1994a) concluded that there was ongoing risk to ecological resources,
especialy aguatic organisms in the upper part of the creek, from exposure to contaminants
in environmental media and food. Mercury was the primary contaminant of concern in the
sediment and floodplain soils. PCBs were a contaminant of concern associated with biota
(DOE 1995¢). Toxicity studies (DOE 1994c) showed no toxicity to test organisms from
chemicals extracted when sediment was suspended in water. Sediment-based food chain
effects were aso evaluated (DOE 19954). The food chain is the most important exposure
pathway for terrestrial organisms (DOE 1995¢). Initia results from the RI report (DOE
1995¢) indicated that there are potential risks to terrestrial organisms. Additional studies
were conducted to determine the relationship of apparent risks to soil mercury

concentrations (DOE 1994c). These studies included analysis of organisms exposed in
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wetlands and expanded analysis of mercury content in vegetation. These studies
concluded that there is no threat to plant communities from mercury in floodplain soils.
Mercury concentrations in some floodplain soils prior to remediation were a potential
threat to biota by exposure through the food chain (DOE 1995c).

1.4 AMBIENT TEMPERATURE REGIMES

Water temperatures have been monitored at three sites in EFPC downstream of LR,
one Site upstream of LR, and in BF. Since July 1996, a temperature drop of approximately
BEC was observed aong the length of upper EFPC due to the Flow Management Project,
which is providing approximately 4.5 million gallons of raw water per day to EFPC
immediately below Outfall 200. Before the Flow Management Project, mean water
temperatures averaged 4—7EC higher year-round at EFK 23.4 than in BF. Temperatures
in the streams are now much more similar during the summer months (e.g., 19eC in BF
and 21EC in EFPC during August 1997) while remaining severa degrees higher in upper
EFPC during late fal to early spring (e.g., 14EC in BF and 19EC in EFPC during October
1997). A gradient of decreasing temperatures with increasing distance downstream of the
Y-12 Plant remains a characteristic of EFPC. Temperatures in EFPC have been
monitored by BMAP for approximately 15 years, including nearly 4 years of Flow
Management. Because spatial and tempora patterns of temperature fluctuation within
EFPC are now well-characterized, the BMAP temperature monitoring program is being
discontinued in this new plan. Water temperatures continue to be monitored by the Y-12
Plant at sites within upper EFPC. The results of this monitoring is submitted to TDEC

annualy.
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2. AMBIENT TOXICITY MONITORING (TASK 1)

M. S. Greeley, Jr., and A. J. Sewart

The ambient toxicity monitoring task uses U.S. Environmental Protection Agency
(EPA) approved methods with Ceriodaphnia dubia and fathead larvae to provide
systematic information that can be used to determine changes in the biological quality of
water in EFPC through time.  Supporting studies have been used to (1) investigate the
relationship between the physicochemical and biologica conditionsin EFPC, particularly as
they relate to processes or rates of ecological recovery, and (2) develop better methods
for accurately predicting ecological recovery with changes in water quality in EFPC.

Toxicity monitoring is conducted quarterly a EFK 24.1 (asite just upstream of Lake
Redlity) with Ceriodaphnia, and at Outfall 201 (near the North-South Pipes) with fathead
minnows and Ceriodaphnia, in accordance with the Y-12 Plant National Pollutant
Discharge Elimination System (NPDES) permit. No adverse effect of Y-12 Plant effluent
has been detected at either site since the implementation of Flow Management in 1996.
The mgjority of the earlier toxicity test failures at these two upstream sites were caused
by chlorine (Stewart et a. 1996), which now has been largely eliminated.

Static-renewal tests with Ceriodaphnia and fathead minnow larvae, which use
grab samples of water and moderately short (7-day) exposure periods, are more
appropriate for monitoring effluent streams than ambient water sources. As water-quality
conditions continue to improve in EFPC, these tests are increasingly less useful for

demongtrating further water-quality improvements.

21TOXICITY MONITORING

This Plan describes a phased approach to modifying the current ambient-monitoring
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task to better address the needs of the Y-12 Plant and the monitoring program. During the
first year of this Plan, water from EFK 24.1 and Outfall 201 (EFK 25.1) will continue to
be tested quarterly for acute and chronic toxicity to Ceriodaphnia and fathead minnows,
using standard EPA-approved procedures. The two sites to be monitored in this manner
are EFK 24.1 and Outfall 201 (EFK 25.1) (see Fig. 1.3 and Table 2.1); the latter siteis
tested in accordance with the Y-12 Plant National Pollutant Discharge Elimination System
(NPDES) permit. On each test day, water samples will be analyzed for pH, conductivity,
akalinity, hardness, total residua chlorine (TRC), and total suspended solids (TSS).

In addition, several dternatives to the ambient Ceriodaphnia and fathead minnow
testing will be explored during the first year of the Plan with the intent of replacing at least
the EFK 24.1 tests during subsequent years with more appropriate procedures. Possible
candidates include the medaka test (Section 4) and other laboratory-based tests, and in
Situ tests with species such as Sphaerium fabal e (fingernail clam: Section 5.2) and Elimia
clavaeformis and/or Pleurocera unicale (pleurocerid snails). The two snail taxaare
common at sites in EFPC downstream from the Y -12 Plant, but are not prevalent at sites
upstream of Bear Creek Road. In situ tests with fingernail clams have been used
previoudy for site characterization and biomonitoring in EFPC (Smith and Beauchamp
2000). Thesetaxa are particularly useful for monitoring of conditionsin EFPC because
they are relatively long-lived and respond measurably to poor water quality. Proposed
changes to the ambient toxicity monitoring task will be evaluated annualy. The frequency
of Ceriodaphnia and fathead minnow testsis expected to decrease during subsequent

years of the Plan as aternative monitoring strategies are phased in.

Table 2.1. Sitedesignations, sample dates, and sites
of the Ambient Toxicity Monitoring task for theinitial Plan year

Ste Sample Dates Test Frequency
EFKa 25.1° Jun. 1990 - Present Quarterly
EFK 24.1 Dec. 1988 - Present Quarterly

aEFK = East Fork Poplar Creek kilometer
bQutfall 201 (EFK 25.1) tested in accordance with the Y-12 Plant National
Pollutant Discharge Elimination System (NPDES) permit.
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3. BIOACCUMULATION MONITORING (TASK 2)

M. J. Peterson and G. R. Southworth

3.1BIOACCUMULATION OF CONTAMINANTSIN AQUATIC
ORGANISM S

Contaminants from the Y-12 Plant may affect aquatic organisms directly, or may be
accumulated in organism tissues resulting in exposure and impacts further up the food
chain (e.g., in man or terrestrial animal species). Previous studies have indicated that
contaminants commonly measured in biota, such as mercury, zinc, PAHs, and PCBs, could
also be negatively affecting aguatic organisms in EFPC, adthough the importance of these
contaminants in relation to other factorsis not well understood (Loar et a. 1992a, Hinzman
et a 1993, Ham et a. 1997). Better understood are the potentia risks to humans and
wildlife that eat contaminated fish. Monitoring of EFPC has identified mercury and PCBs
as substances that accumulate to levelsin fish that pose health concerns to human
consumers as well as terrestrial wildlife (Loar et a. 1992a, Hinzman et al. 1993, Sample et
a. 1996). Metals other than mercury continue to be elevated in periphyton and fish near
the Y-12 Plant, and athough reported levels in fish filets do not appear to indicate a human
health concern, the concentrations in whole fish may be of ecological relevance.

Historically, the bioaccumulation task provided an assessment of the level of concern
regarding contaminants in EFPC biota (contaminant screening), an evauation of changes
in contaminant levels as a consequence of abatement actions that change contaminant
loading or availability (contaminant tracking), and identified contaminant sources and
pathways to biota so actions could be effectively taken to reduce contaminant levelsin
aquatic organisms (source identification). Contaminant screening studies designed to
characterize the system were the magjor focus of the biocaccumulation task in the early
years of the BMAP, when alarge number of locations, species, and anaytes were

monitored. Early efforts indicated that mercury and PCBs were the primary contaminants
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of concern, apatial pattern of higher concentrations nearest the Y-12 Plant with
decreasing concentrations downstream was evident, and larger and/or fattier species
contained the highest concentrations. The more recent focus has been on evaluating
changes in the concentrations of mercury and PCBs in fish (primarily redbreast sunfish) as
the result of various actions taken at the Y-12 Plant. In addition to providing areliable
measure of change in human health concerns, the long-term measurement of fish
concentrations provides an important measure of contaminant exposure for evaluating in-
stream ecological impacts.

Identifying contaminant sources and understanding contaminant pathways to biotais
an important consideration for determining the appropriate abatement actions to apply.
Investigative BMAP activities have used passive PCB monitors (SPMDs, or
semipermeable membrane devices) to document PCB sources in both the Y-12 storm
drain network and open creek channel, while studies on the relationship between aqueous
mercury concentrations, water quality, and accumulation in fish have provided vauable
information for predicting the consequences of various Y-12 actions as well as suggesting

appropriate reduction strategies.

3.2 BIOACCUMULATION MONITORING PROGRAM DESIGN

Routine monitoring of the contaminants of most concern in fish from EFPC will
continue under this Plan. Bioaccumulation monitoring is akey component of any biological
monitoring program, as it provides key measures of exposure that may help explain the
physiological and ecological effects observed, as well as a measure of human hedlth
concerns. Of crucial vaue is the long-term consistent sampling regime that has provided
an important measure of change in contaminants over time. The temporal tracking effort
is the main current focus of this task. Requirements for sampling of sunfish at downstream
sites (Poplar Creek for Hg, EFK 6.3 for PCBs) and monitoring of stonerollers at EFK 24.5
will be evaluated annually against improving conditions in EFPC and continuing trendsin
the data generated by these activities. A more detailed outline of the bioaccumulation task
is presented in Table 3.1.
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3.2.1 Contaminant Screening

Assessment of the degree of contamination in EFPC will center on evaluation of the
maximum human and ecotoxicological health risks associated with EFPC fish. The
maximum human health concerns in EFPC are associated with larger, older fish such as
largemouth bass or carp. Largemouth bass are a highly sought-after game fish that are
abundant in upper EFPC and have been shown to accumulate elevated levels of mercury
and PCBs. Four bass will be collected once yearly from two upper EFPC sites, LR and
EFK 23.4, and the filets analyzed for mercury and PCBs.

Whole-body analyses of herbivorous minnows are used for evauating
ecotoxicological concerns associated with Y-12 discharges. Screening of edible tissues of
fish for metds (other than mercury) has not yielded evidence of a human health concern in
EFPC, but herbivorous forage fish have contained elevated concentrations of PCBs and
some metals.  Three composite samples of stonerollers will be analyzed for a suite of

metals, or other contaminants of concern if warranted, at EFK 24.8 once yearly.

3.2.2 Contaminant Tracking

Redbreast sunfish will continue to be the primary species utilized in tracking studies.
Using the same species and sites since 1985 provides an uninterrupted record of changes
in mercury and PCB exposure in EFPC. Redbreast sunfish sampling will be conducted
twice yearly in EFPC to adequately evaluate changes in contamination over time. Six fish
will be collected from each site. Because mercury remains elevated in fish downstream
of EFPC, annual monitoring of sunfish will continue at two downstream sites (onein
Poplar Creek and one in the Clinch River).

3.2.3 Source ldentification
Source identification efforts will be discontinued at thistime. On an “as-needed”

basis, efforts to identify sources or understand processes regarding contaminants in EFPC

will be conducted as requested by the Y-12 compliance organization.
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Table 3.1 Sitedesignations, sampling period, and analyses to be performed for
the Bioaccumulation M onitoring task

Analyses

Ste Sampling period Mercury PCBs  Meds  Frequency
EFK?24.5 May 1991- present X X X Biannual
EFK 23.4 May 1985- present X X Biannua
EFK 18.2 May 1985- present X X Biannual
EFK 13.8 May 1985- present X X Biannual
EFK 6.3 May 1985- present X X Biannual
PCK® 1.6 Dec. 1987- present X Annual
CRK® 15.0 Nov. 1987- present X Annual
Hinds Creek May 1985- present X X X Biannual
(reference)

aEast Fork Poplar Creek kilometer.
®Poplar Creek kilometer.
°Clinch River kilometer.
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4. BIOLOGICAL INDICATORS OF CONTAMINANT-

RELATED STRESS (TASK 3)
S. M. Adams and M. S. Greeley, Jr.

4.1 BIOLOGICAL INDICATORS APPROACH

The biologica indicators task consists of two subtasks: (1) bioindicators of fish health
and (2) bioindicators of reproductive competence. This task involves the use and
application of various bioindicators of fish health and reproductive competence to evaluate
the effects of water quality on the health of fish in EFPC. A suite of health biocindicators
has been used since the fall of 1985 and reproductive bioindicators since 1988 to evaluate
the health of an important indicator species, the redbreast sunfish, in EFPC asa
component of the BMAP program (Loar et a. 1989; Loar et a. 1992a; Hinzman
et a. 1998; Adams et a. 1989; Adams et a. 19924).

Bioindicators have been used successfully to (1) evaluate the effect of water quality
and other environmental variables on the hedlth of individual fish populations in EFPC,
(2) determine the effectiveness of past and ongoing remedia actions on these fish
populations, and (3) aid in the identification of causative agents or mechanisms responsible
for observed effects on aquatic ecosystem health. It is only through an understanding of
such effects and mechanisms that reliable and defensible decisions can be made
concerning the specific remedia actions to be undertaken and the application of the
appropriate monitoring strategies for assessing the effectiveness of such actions. Results
of bioindicator studies to date indicate that the health status of sunfish continues to improve
in response to remedia actions within the EFPC watershed, athough fish remain
chronicaly stressed particularly in the upper sections of the stream.

4.2 BIOINDICATORSOF FISH HEALTH (SUBTASK 3a)

The original BMAP sampling plan for the Y-12 Plant included measurement of a
wide variety of indicators at each of several levels of biological organization. Because
bioindicator-type studies had not been conducted in EFPC at the time of issuance of the

origina plan, the basic strategy of initid sampling was to measure a large suite of
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indicators and responses representative of severa levels of biologica organization. After
severd years of screening and evaluation of the bioindicator data, a subset of the most
effective bioindicators was chosen for future monitoring. The principa functiona
bioindicator groups included in the remaining subset are (1) detoxification enzymes (P450
enzymes), (2) metabolic dysfunction indicators (blood biochemical parameters), (3)
condition indices (liver, spleen, and fat-somatic indices), (4) bioenergetic function
parameters (indicators of lipid status), (5) indicators of feeding and nutrition (lipid indices,
amount of food consumed, condition of gall bladder) , (6) reproductive responses
(measures of fecundity, atresia, steroid hormones), and (7) population-level indices

(growth, size-frequency distributions).

4.3 BIOINDICATORS OF REPRODUCTIVE COMPETENCE (SUBTASK 3b)

Reproduction is widely considered to be the most criticd life function affected by
chronic contaminant-related stress (Birge et a. 1985). The ability to successfully
reproduce is essentia for the establishment and continued maintenance of viable fish
populations. In addition, certain reproductive processes, including egg production (Suter et
al. 1987) and embryonic development (Adams and Greeley 1993), are among the most
sengtive life stages to environmenta toxicants. Reproduction (propagation) of aguatic life
isaclassified use of EFPC as determined by the State of Tennessee. Godl's of the
reproductive competence subtask include characterization of the reproductive competence
of fish populations in EFPC downstream of the Y-12 Plant, relating reproductive
bioindicator responses measured in adult fish from EFPC to the actual recruitment success
of select species, and monitoring the potential adverse effects of EFPC water on fish

embryonic and larva development.

4.3.1 Reproductive Bioindicator s

For each EFPC and reference site, gonadal condition of adult fish will be assessed
by calculating the gonada-somatic index (GSI, the percentage of total body weight
contributed by the gonad) and by visual examination of gonadal appearance (color, shape,
and, in females, gross appearance of the oocytes). Estimates of oocyte abundance and
oocyte developmental stages will be determined for females. Particular emphasis will be
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placed on determining fecundity through enumeration of oocytes in the developing
clutches, quantifying oocyte atresia and reabsorption, and obtaining a value for total
vitellogenic oocytes (an indirect measure of the bioenergetic effort expended during the
reproductive process). Plasma concentrations of estradiol and testosterone will be
measured in female fish, and 11-ketotestosterone and testosterone in male fish (if
sufficient plasmais available for each of these assays following completion of the various

plasma assays associated with the bioindicators of fish health subtask).

4.3.2 Developmental Bioindicators

One potential cause for the lack of reproductive success in fish populations, in
addition to observable problems with adult reproductive activities, is the failure of spawned
eggs to develop properly into new reproductive cohorts. Fertilized eggs of the Japanese
medaka experience a high percentage of developmental failure when exposed to EFPC
water during embryonic and early fry development. Direct chemical toxicity to developing
embryos and fry could partialy explain the continuing absence from upper EFPC of
reproducing populations of severa pollution-sengitive fish species native to this area. An
ongoing toxicant identification evaluation (TIE) aimed at identifying the factors responsible
for the developmental effects seen in the medaka test will be completed during the course
of this Plan. Once identified, these factors will be tested against native speciesto
determine the relevance of the medaka results to the EFPC fish community. Assessment
criteriafor fish embryo-larval tests will continue to include hatching success, time-to-hatch,
the incidence of developmental abnormalities during both embryonic and early larva

development, and the survivorship of embryos and yolk-sac larvae.

44 COMMON DESIGN FOR THE BIOLOGICAL INDICATORSTASK

The principal sampling design components of the Biological Indicators Task are the
species to be collected, sampling sites, sampling frequencies, and the specific responses to
measured. Response measurements are discussed in Sections 4.3 and 4.4. The sampling
design for both subtasksis summarized in Table 4.1. Sites and monitoring parameters will

be re-evaluated annualy.
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4.4.1 Sentinel Species

To assure continuity of results with previous fish health and reproductive studiesin
EFPC, redbreast sunfish will continue to remain the primary target species for this task.
The Japanese medaka (Oryzias latipes), asmal fish native to Southeastern Asia, will be
the primary fish species utilized in the embryo-larva testing portion of the reproductive
subtask. Medaka is an increasingly popular aguatic species for both carcinogenicity and
toxicity testing of chemicals in the laboratory. This fish has several advantages for use in
developmental toxicity testing, including its ease of maintenance in the laboratory, the
reliability with which eggs can be obtained for testing purposes on adaily basis year-round,
its long embryonic period with a resulting increase in sensitivity to many environmenta
contaminants, the clarity of the embryo (which alows easy observation of developmental
abnormalities arising prior to hatch), and the relatively long embryonic period which
enables tests of longer duration (to 21 days).

4.4.2 Sites

Of the four sitesin EFPC sampled at least annudly since 1986, three will continue to
be sampled annually under this plan for both the fish health and reproductive competence
subtasks. These sites are (1) upper EFPC between EFK 22.5 and 24.4, (2) EFK 19,
downstream of the Highway 95 bridge; and (3) EFK 14, above the ORWTF. At least
200 m of stream will be sampled at each Site to obtain the required number, size, and sex
ratio of fish. Fish sampling upstream of Lake Redlity is being discontinued. Fish sampling
at both EFK 19 and 14 will be re-evaluated annudly. If habitat and general stream
conditions a EFK 14 continue to degrade at EFK 14 due to construction in the areg, fish
sampling at this site could be discontinued or aternated on an every other year basis with
sampling a EFK 19.

In addition to the three primary EFPC sites, two reference streams will also continue
to be sampled on an annua basis. During the past 3 years, sunfish have been increasingly
difficult to obtain a BF. In addition, the hedth of individuas sampled from the site
appears to have declined during the last two years from unknown causes. A new

reference stream will most likely replace Brushy Fork as the second reference site for this
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task.

Water samples to be tested for toxicity to fish embryos will be collected from the
fish sampling sites in the downstream reaches of EFPC, as well as from sitesin the
upstream reaches of EFPC (EFK 23.4 and EFK 25.1). Water from additional sites,
including EFK 10.0 and EFK 6.3, may be occasiondly sampled in conjunction with the
ongoing medaka TIE.

4.4.3 Sampling Frequency

The results of previous bioindicator studies conducted in avariety of aquatic systems
including EFPC (Loar et a. 1992a; Hinzman et a. 1993, 1998; Adams et a. 1992a, 1992b;
Adams and Gredley 1991) have demonstrated that for most bioindicator responses, annua
sampling is adequate for evaluating the effects of water quaity and other environmental
variables on fish hedlth. Indeed, many bioindicators, including the condition indices, various
population-level indices, and reproductive responses, are

Table 4.1. Site designations, sampling period, and sample forms for the Biological

Indicator task
Ste Sampling Sample Form Frequency Comments
Period
EFK225.1 1992-present Water® AnnuaF
EFK 234 1990-present Water Annua
EFK 23 1985-present Figt Annual
EFK 19 1985-present  Water, Fish Annua/Annual EFK 18in 1985
EFK 14 1985-present  Water, Fish Annual/Annual
Brushy Fork®  1985-present Fish Annual Reference Site
Hinds Creek  1989-present Fish Annua Reference Site

aEast Fork Poplar Creek kilometer.

PWater = surface water samples for medaka embryo-larval tests.
cAnnua during 1% year with emphasis on TIE; frequency of medaka tests could change thereafter.
YRedbreast sunfish.

®Brushy Fork islikely to be replaced by an dternative reference site due to degraded conditions.
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integrative in nature and reflect the effect of environmenta variables over long time
periods (Adams 1990b). Thus, fish sampling for both the fish health and reproductive
competence subtasks of this task will continue to be conducted annually.

Embryo-larval tests of grab-samples of water from EFPC will be conducted annualy
rather than twice annualy in the first year of the Plan. Initial emphasis of the medaka
testing portion of this task will remain on the ongoing TIE. The frequency status of the
medaka tests will be re-evaluated annually. This procedure is one of several being
evaluated as possible replacements for ambient Ceriodaphnia and fathead minnow

toxicity monitoring in EFPC.
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5. INSTREAM ECOLOGICAL MONITORING (Task 4)

5.1 PERIPHYTON (SUBTASK 4a) (W. R. Hill)

Periphyton (attached agae) forms the base of the food web in streams, using sunlight
to convert dissolved inorganic carbon and other plant nutrients into biomass that is grazed
by invertebrates and fish (e.g., stoneroller minnows). Periphyton is a useful component to
measure impacts because of its (1) importance to higher trophic levels, (2) sensitivity to
both enrichment and contaminants, (3) effect on water chemistry, and (4) potential
significance in the sorption and transfer of waterborne contaminants (Boston et al. 1991,
Stewart et a. 1993). Five sites on EFPC and one reference site on Brushy Fork have
been used to assess Y-12 Plant effects on periphyton biomass (chlorophyll a),
photosynthesis, and taxonomic composition. Nutrients (dissolved phosphorus and nitrogen)
and metals have been measured as well.

Previous studies indicated that operations at the Y-12 Plant have impacted periphyton
communities. The effects of the Y-12 Plant on nutrients and streamside shade also
influence periphyton in EFPC. Nutrientsin EFPC have been higher than expected
(compared with other streams and groundwater emanating from Chestnut Ridge),
implicating the Y-12 Plant as a significant source of nitrogen and phosphorus. These
elevated concentrations of nutrients undoubtedly contribute to the relatively high levels of
primary production at unshaded sitesin EFPC. Periphyton biomass (chlorophyll a)
generaly decreased in a downstream direction, probably as aresult of increasing shade
from streamside vegetation. Upstream sites (EFK's 24.4, 23.4, and 13.8) have little shade
compared with downstream site EFK 6.3 and the reference site (BFK 7.6). The projected
increase in streamside vegetation (e.g., trees) at the two upper sites (EFKs 24.4 and 13.8)
will decrease periphyton production at these sites.

Metal concentrations in periphyton were very high at upstream EFPC sites.

Mercury, for example, has been present at over 600 ppm dry mass at EFK 24.4. Other
metals of concern that were found at elevated concentrations at upstream sites were

cadmium, copper, nickel, zinc, and sllver. Meta concentrations in periphyton generdly
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decreased with distance downstream of the Y-12 Plant, a trend consistent with the
downstream decline of contaminant concentrations in EFPC fish (Hinzman et a. 1993),
indicating that the Y-12 Plant was the source of the metals.

Monitoring of periphyton biomass (chlorophyll a) and photosynthesis will continue at
approximately twice-annud intervals (Table 5.1). Emphasis will be placed on the
detection of remediation-related changes in the periphyton. Many metals are accumul ated
to higher levelsin periphyton than in upper trophic levels (Hill et ., in press), so

periphyton will be used to assess changes in metal levels that occur through remediation.

5.1.1 Methods
Monitoring biomass and photosynthesis

Chlorophyll a and single-irradiance photosynthesis will be measured every 6 months
at three EFPC sites (EFK's 24.4, 23.4, and 6.3) and one site in Brushy Fork (BFK 7.6).
These sites have been used extensively in the past, and maintaining the monitoring at these
sites will provide the continuity necessary for the detection of environmenta changesin
EFPC. Methods for assessing chlorophyll a and photosynthetic rates will be the same as
used previoudy: four small rocks from each site will be collected, returned to the
laboratory, and assayed for chlorophyll a and *C uptake [at ca. 350 Fmol quantanm? st
(Hinzman et d. 1993)]. If photosynthesis continues to remain highly correlated with
chlorophyll a, it may be possible to eliminate photosynthesis measurements in future years,

and measure only chlorophyll a.

Contaminant burdens

Metals in EFPC periphyton will be measured once ayear in samples from EFK 24.4,
EFK 234, EFK 184, and EFK 6.3. In addition, metal concentrations will be compared in
shaded and unshaded periphyton at upstream EFPC sites (EFK 24.4 and EFK 23.4) in
order to predict effects of riparian revegetation. Eventua eimination of the downstream
monitoring Site at EFK 6.3 is anticipated if metal concentrations at this site continue to
converge towards the reference condition. Sites and frequency of sampling will be re-

evauated annually.
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Table5.1. Sitedesignations and analysesto be performed for the Periphyton

Community task

Ste %Egg%lk:;f Frequency  Meta analysis Frequency
EFK?2 24.4 X Biannual X Annua
EFK 234 X Biannual X Annua
EFK 18.4 X Annua
EFK 6.3 X Biannua X Annual
BFK" 7.6 X Biannual

aEast Fork Poplar Creek kilometer.
bBrushy Fork kilometer.

5.2BENTHIC MACROINVERTEBRATES (SUBTASK 4b) (J. G. Smith)

Benthic macroinvertebrates are organisms that lack spina columns, are large enough
to be seen without the aid of magnification, and live on or among the substrate particles of
flowing and non-flowing bodies of water. The limited mobility and relatively long life spans
(afew months to more than a year) of most species make them ideal for use in assessing
the condition of aguatic environments (Platts et a. 1983). Monitoring the composition and
structure of the benthic macroinvertebrate community, which reflects the recent history of
water quality at asite, can provide a better assessment of the condition of agquatic
environments than simple reliance on physical water quaity analyses.

Subtle but persistent improvement in the condition of the macroinvertebrate
community in upper EFPC has occurred since the initiation of the BMAP. The
macroinvertebrate community remains significantly impacted near the Y-12 Plant, but
exhibits distinct improvement with increasing distance from the plant. This spatia trend is
supported by the results of an in situ clam (Sphaeriumfabale) bioassay conducted
regularly since 1988 (Smith and Beauchamp 2000).
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5.2.1 Benthic Macroinvertebrate Monitoring Plan
Sample Collection and Analysis

Five quantitative benthic macroinvertebrate samples will be collected biannualy
(April and October) from randomly selected locations from three sites in EFPC (EFKs
24.4, 23.4, and 13.8), and one site in each of two reference streams (BFK 7.6 and HCK
20.6; Fig. 1.2 and Table 5.2). Sampleswill be collected annualy (April) from EFK 6.3 at
the request of Tennessee Division of Water Pollution Control (TDEC) personnel. Samples
will be collected with a modified Hess sampler (0.1 n¥) fitted with a 363-Fm-mesh
collection net. Each sample will be preserved in ~ 80 percent ethanol, and then processed
in alaboratory. Details of the procedures that will be followed for collecting, processng,
and maintaining the samples are in Smith and Smith (1995).

Tempora and spatia trends that could be associated with abatement activities or
remedia actions, will be evaluated using a variety of analysis techniques with Statistical
Analysis System (SAS) software and procedures (e.g., general descriptive statistics and
parametric statistics such as analysis of the variance on density, total richness, etc.), and
other software and procedures where appropriate (e.g., multivariate analyses with PC-
ORD software, McCune and Medfford 1999).

Either EFK 23.4 or 24.4 may be eiminated in future years of the Plan if current
trends of these two sites performing smilarly since the bypass of LR continue.
Invertebrate monitoring at EFK 6.3 could be discontinued after the first year if current
trends continue and TDEC agrees. Sites and frequency of benthic macroinvertebrate
sampling will be re-evaduated annualy.

In situ Bioassays

An In situ bioassay, using the clam S. fabale, will be conducted approximately every
two years or more frequently when appropriate (e.g., to more closely follow changesin
stream associated with flow augmentation). The procedures followed for this assay are
described in detail in Smith and Beauchamp (2000). This bioassay is being considered
along with others as a possible replacement for the current ambient Ceriodaphnia and
fathead minnow toxicity tests.
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Table5.2. Sites sampled for the Benthic Macroinvertebrate
Community Studies task

Site Sample Period Frequency
EFK224.4 Jun. 1985 to present Biannual (spring and fall)
EFK 234 Jun. 1985 to present Biannual
EFK 13.8 Jun. 1985 to present Biannua

EFK 6.3 Jun. 1985 to present Annud (spring)
BFK" 7.6 Jan. 1986 to present Biannual
HCK* 20.6 Oct. 1987 to present Biannual

aEast Fork Poplar Creek kilometer.
bBrushy Fork kilometer.
°Hinds Creek kilometer.

5.3 FISH COMMUNITY STUDIES (SUBTASK 4c) (M. G. Ryon)

Fish population and community studies can be used to assess the ecological effects of
changes in water quality and habitat. These studies offer several advantages over other
indicators of environmental quality (Karr 1987) and are especialy relevant to assessment
of the biotic integrity of EFPC. Monitoring of fish communities has been used within
BMAP for receiving streams associated with the Y-12 Plant (Loar et a. 1989, Ryon 1992,
Southworth et d. 1992), with some programs operational since 1984. Sampling of the fish
community in EFPC under the initid BMAP began with quarterly samplesin 1985 (Loar et
a. 1992) and continued from 1986 with spring and fall samples. The primary objectives of
this sampling were to characterize the fish communities in the stream and to identify
impacts associated with Y-12 Plant operations. The objectives of the fish community task
under the current plan are to continue monitoring the fish community structure and conduct
supplemental studies as needed.

Data obtained from 1985 to 1993 for EFPC documented a substantial impact on the
fish community in the vicinity of the Y-12 Plant and downstream more than 5 km into the
city of Oak Ridge (Loar et a. 1992, Ryon 1993). However, the monitoring also detected a
gradua recovery of the fish communities in EFPC, beginning with the most downstream
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sites and dowly progressing through time to sites closer to the Y-12 Plant. The degree of
impact and the pattern of recovery are supported by changes in species richness, species
abundance, and species composition (see Adams et d. 1998). In the vicinity of the Y-12
Plant, recovery has been dominated by more tolerant species that have increased in
density (up to 100 fold) and biomass (up to 7 fold). The composition of this community has
also become more complex, with an increase in species richness and occasiona
occurrences of intolerant species. At downstream sites, there were smilar but smaller
increases in density and biomass. However, the increase in species richness was
proportionally greater at downstream sites than at sites closer to the Y-12 Plant, with more
intolerant species, more benthic insectivores, and more sensitive species (e.g., darters and
suckers). Despite the continua improvement in overall species richness, the number of
intolerant and sensitive species remains below levelsin similar-sized reference streams.
This deficiency indicates that there is the potentia for further recovery of fish communities
in EFPC. Effortsin the revised BMAP will focus on this recovery and try to differentiate
impacts impending further recovery.

In November 1988, NHP was drained, capped, and replaced by LR, alined-basin.
Upper EFPC was routed around the NHP cap to LR in a concrete diversion channel and
flowed out of LR through a v-notch weir. The design of the weir alowed fish to access
LR and upper EFPC and led to established fish communities in both the basin and the
stream above it. In 1998, the flow of water was rerouted around LR, to discharge from the
bottom of the diversion channel. This change essentialy isolated the upstream populations
from fish communities downstream. The change will prevent further recolonization of
upper EFPC by additional fish species.

As aresult of the 1988 change in access to upper EFPC that allowed fish access
through LR to upper EFPC, fish werein closer contact with effluents from the Y-12 Plant,
and more frequent fish kills occurred. During 1988 to 1993, chlorinated water released to
upper EFPC produced a chronic kill resulting in alow (<10 dead fish/day) but nearly
continuous level of mortality (Etnier et d. 1995). Additiona releases or episodes produced
more acute-type kills, often with high mortality over afew days (up to 350 fish in a day).
Dechlorination of two major outfallsin late 1992 reduced the mortdlity from chronic
toxicity. Fish kills from acutely toxic conditions are now rarely afactor in upper EFPC,
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athough they can reach epic proportions because of the population sizesin this section of

stream.

5.3.1 Sampling Procedures

Quantitative sampling of the fish populations will be conducted &t five sitesin EFPC
and at a site in each of two reference streams, BF and Hinds Creek (Table 5.3), by
eectrofishing in March—April and September—October. Details of field sampling and
analysis are given in Adams et a. (1998). All field sampling is conducted according to
specific quality control and standard operating procedures (Ryon 2000). The resulting data
will be used to estimate population size (numbers and biomass per unit area), determine
community structure, estimate production, and calculate Index of Biotic Integrity (IBI)
values as per Adams et a. (1998).

The current sampling plan for EFPC recognizes the improvement in fish communities
that occurred in reaches downstream from the ORR from 1988 to 1999. Data from
sampling in fall 1999 aso indicate that populations are established and are smilar at Sites
upstream of EFK 24.4 and knowledge gained by further sampling is negligible. Therefore,
sampling at EFK 25.1 will be discontinued. Sampling at EFK 6.3 and EFK 13.8 will
continue as before, but will be the focus of annua re-evaluation. Currently, unique
information on the fish community is provided by both sites. If future sampling indicates
that the sites are no longer unique, and provide essentialy similar information (i.e., same

species and densities), then a possible reduction of one of these sites will be proposed.

5.3.2 Special Studies

In addition to the routine fish community monitoring, limited habitat studies may be
conducted to determine specific factors that may be affecting fish community structure.
Limitations imposed by the existing habitat in upper EFPC could be a principa determinant
of the fish community structure. Habitat has been shown to be a critical factor in fish
community composition (Gorman and Karr 1978, McClendon and Rabeni 1987, Wesche et
a. 1987), and thereis reason to suspect it limits the communitiesin EFPC. Any specia
studies would focus on specific aspects of habitat and perhaps modifications to increase
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critica habitat parameters such as riparian cover or instream cover. These investigations

could involve manipulative field studies or limited laboratory evaluations.

Table 5.3. Site designations and sampling dates for electrofishing

sampling of the Fish Community Studies task

Site Sample dates Frequency Comments
EFK224.4  Jun. 1985 to present Biannua Site shifted upstream and
(springand fall)  shortened from 234 to 109 m

in fall 1989 in response to
presence of fish

EFK 23.4  May 1985 to present Biannua Site shortened from 116 to 90
m in October 1987 following
increase in fish abundance

EFK 18.7 Mar. 1990 to present Biannua Site added as replacement for
EFK 18.2

EFK 13.8  May 1985 to present Biannua Site shifted upstream in
September 1992 and March
1993 when raw sewage
flowed into sampling reach

EFK 6.3 Jun. 1985 to present Biannua No changes
BFK" 7.6  Nov. 1985 to present Biannual Reference site
HCKc20.9 Mar. 1991 to present Biannual Reference site

aEast Fork Poplar Creek kilometer.
®Brushy Fork kilometer.
Hinds Creek kilometer.
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6. DATA INTEGRATION AND MANAGEMENT (TASK 6)
S. W. Christensen and C. C. Brandt

The BMAP measures numerous parameters in assessing the ecological health of
EFPC. Thisextensive set of datais a resource designed to meet several major objectives
(asoutlined in Sect. 1). Mesting these objectives is a substantial challenge with respect to
data analysis, interpretation, and management. Even the most fundamental objective—i.e.,
determining whether growth and propagation of fish and aquatic life are
protected—inherently involves andlysis and interpretation. Unlike comparing the
concentration of a chemical in water with a specified standard that is not to be exceeded,
“protection of growth and propagation” requires evaluation and judgment about what
would be expected in a nonimpacted setting and comparison and interpretation of the
site-specific results. Evaluating trends and changes in response to remediation is even
more complex than the origind BMAP mission of evauating the ecological status and
condition of EFPC.

The requirements and needs for an integrated BMAP database originate from a
number of sources. The Federal Facilities Agreement (FFA) and the Tennessee Oversight
Agreement (TOA) (OREIS 1993) specifically require development of centralized data
facilities that can make data available to regulators and the public. Because of the
increasing extent and complexity of the data, there is also a greater need to share data
more effectively among BMAP tasks.

To meet these needs, an integrated BMAP data base has been established and
populated with historical and ongoing BMAP data. The primary purpose of this data base
is to facilitate sending the rather complex biological BMAP data to the Oak Ridge
Environmenta Information System (OREIS). Secondary benefits include support of
investigators needs, providing the capability to perform integrative analyses of BMAP
data, and assisting in meeting the requirements of the NPDES permit.

6.1 Data Management Approach
In the approach to data management chosen for BMAP, investigators will continue to
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acquire the data, assemble basic two-dimensional data bases (e.g., ASCII files,
spreadsheets, SAS data sets), and perform QA/QC reviews before providing them to the
central BMAP data base. SAS software is provided on a UNIX workstation as a
pathway for integration. This workstation-based version of SAS, accessed through

X termina emulation, now provides the investigators with extended and more effective
anaysis capability than has previoudy been available on the mainframes. ORACLE
software contains the integrated data base. ARC/INFO (including ARC/VIEW) software
provides geographic information system (GIS) capability. SAS, ORACLE, and
ARC/INFO were chosen in part because of their effectiveness and broad acceptance but
also because these were the software packages used for these purposes by OREIS.

Data integration activities associated with loading data on bioindicators, contaminant
bioaccumulation, ambient toxicity tests, fish communities, and benthic macroinvertebrate
communities to the BMAP database, and then to OREIS, are as follows:

I Receive data from investigators

I Register data in the Electronic Data Registration System and check into the

Revision Control System (RCS).

I Prepare file for processing (when needed).

I Read datainto SAS.

I Edit data, including adding unique sample identifiers and observation identifiers.

1 Standardize data, including adding additional variables, trandating site identifiers

into BMAP standard nomenclature, and transposing data to put it in the form required

by the BMAP and OREIS relational databases.

I Normalize the data, creating one data set for each table that will receive data.

I Check constraints, and resolve any that may be violated. When this occurs,

processing usualy resumes from a prior step after problems are corrected.

I Load data to the BMAP database.

I Reprocess data, incorporating corrections to or adjustments of the data if needed.

Thisincludes occasiona incorporation of changes in taxonomic nomenclature.

I Generate OREIS deliverables from the BMAP database in OREIS ready-to-load

(RTL) format.

I Check the RTL data sets.
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I Transmit data to OREIS, with required paperwork.

I Interact with OREIS to resolve issues that may arise as OREIS processes the
deliverables.

I Review OREIS data rel ease packages, and after resolving necessary iSsues,
approve release of the data to the OREIS community.

I Submit OREIS change requests as needed, primarily to handle investigator-
requested corrections to or updates of their data or updates of reference tables.
1 Perform workstation system administration (including backups), software

renewals, and hardware maintenance and replacement as necessary.

The TOA drivers for the continued loading of BMAP datainto OREIS will be
confirmed annually. A number of additional activities related to data integration are either
necessary or highly desirable, and these will be carried out as resources permit. To
minimize disturbance to the data processing infrastructure used to provide data to OREIS,
assistance is provided to OREIS from time to time in areas in which BMAP has expertise
(such as taxonomic nomenclature and key attributes) and in areas in which BMAP has an
active interest (such as agreement on a structure for and list of results quaifier codes,
which could reguire more extensive changes in our processing infrastructure if not handled
in a harmonizing way). Requests for data or information from BMAP investigators are
met when possible, particularly in making their data available from the BMAP database.
Metadata, in the form of explanatory information about the data, will continue to be
developed as resources permit by data management staff or by investigators. Support,
primarily training, will continue to be provided to the BMAP investigators and other staff in
such areas as using computer network technology to access the workstation, and on the
UNIX operating system. Assistance will be provided to investigators for some specific
uses of the BMAP workstation. Views to the data will continue to be developed to enable
data from the database to be provided to the investigators in familiar format.
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